Chitosan is also a safe fruit coating material.
Coating with this film could delay the ripening of tomatoes4), peaches, Japanese pears5) and plums6). Fruit peel segments were subsequently subjected to critical-point drying. The dried samples were attached to aluminum stubs and sputter-coated with gold. The specimens were viewed on a Hitachi Scanning Electron Microscopy (Model S-430s) at the accelerating voltage of 20kV and photographed.
RESULTS

Effects of chitosan coating on storability of apples
Carbon dioxide evolution of chitosan coated fruit decreased gradually during storage (Fig. 1) , and was significantly lower in levels than that of noncoated fruit after the first month of the storage.
Ethylene production generally increased in the first month and then decreased toward the end of the storage (Fig. 2 ). Apples coated with chitosan had a significantly lower rate of ethylene production than those of non-coated fruit.
Chitosan coating also raised the internal CO 2 levels and decreased the internal O2 levels within the fruits stored at 5; the greater effect was found at the higher concentration (Figs. 3, 4) . One month after coating, the internal CO2 level of 1.2% chitosan-coated apple increased up to 8.9%, and retained above 7.5% to the end of the storage (Fig.  3) . The internal O2 level of 1.2% chitosan-coated apple decreased to 4.7% two months after coating, and retained below 6.3% to the end of the storage (Fig. 4) . However, neither fermentation odor nor off-flavor was noted. Although the firmness of fruit decreased sharply during one month-storage in all treatments, fruit coated with chitosan had a significantly higher promising in preserving the qualities of tomatoes4), peaches, Japanese pears5) and plums6). In this study, chitosan treatments decreased the respiration rates and ethylene production (Figs. 1,  2) , and retained the firmness during storage of Jonagold' apples (Fig. 5) visual evidence of what happened in apple fruits. At the end of storage, epidermal cells became shrivelled and cracks appeared on the wax layer ( Fig. 6-A, D) . This was more pronounced deeper and wider on the surface of the control fruits. It is likely that the cracking of the waxy cuticle on the surface of apple fruits further facilitated the invasion of fungi. The chitosan films covered overall surface of the treated fruits (Fig. 6-A) . When these chitosan films were removed, only a few cracks could be observed on bare surface.
CHEAH et al. 15) found that 2% or 4% chitosan coating reduced the incidence of sclerotinia rot, caused by Sclerotinia sclerotiorum, from 80% to about 20% and also reduced the extent of the rot on a carrot. Du et al.5) reported that chitosan significantly inhibited the growth of B. cinerea cultured on artificial media. After the 3-day culture, the diameter of colony of this pathogen on Potato Dextrose Agar containing 0%, 0.05% and 0.20% chitosan were 77.4mm, 65.4mm and 25.6mm, respectively. EL GHAOUTH et al. 16) found that 0.6 % chitosan inhibited radial growth of B. cinerea and Rhizopus stolonifer by 95.5% and 71.5%, respectively. As our results coincided with these findings, chitosan could be considered an antifungal material.
Besides, there were some findings concerning about the antifungal mechanism of chitosan. HIRANO et al.17) reported that chitinase activity is induced by coating seeds of Japanese radish, soybean and rice with chitosan. The seedlings are generally resistant against the attack of pathogens and insects, probably due to the prevention of their adhesion on plant tissues by these enzymic activities. Chitosan was inhibitory to various soilborne phytopathogenic fungi 18) -STRUSZCZYK et al. 19 ) demonstrated that chitosan also interferes with formation of local lesion induced by viral infection in plants and so chitosan treatment could reduce the plant virus infection. HADWIGER and BECKMAN20) discovered that chitosan is an elicitor of phytoalexin pisatin, plays a prominent role in the host-parasite interaction and then could protect the pea tissue from Fusarium Solani f. sp. pisi, a pathogen of peas.
In this experiment, 1.2% chitosan treatment markedly inhibited the conidial germination and hypha growth of B. cinerea on `Jonagold' apple fruits (Fig. 6) . The advantages for antifungi are attributed to : T_some phytoalexin and enzymes induced by chitosan could inhibit the conidial germination, and © there were almost no deep cracks on the surface of chitosan coated fruit in which the harboring and invading of the hyphae are prone. From these observations chitosan can be used as an antifungal coating material for fruit.
